Introduction

▼
Fibromyalgia (FM) is a chronic disease characterized by musculoskeletal pain, as well as the presence of multiple locations of tender points (TP) [ 45 , 46 ] . The most prominent symptoms include fatigue, muscle stiff ness, sleep disturbances, muscle pain and memory and cognitive diffi culties [ 1 , 37 , 46 ] . Treatment of FM is a complicated and controversial process, but a wide range of eff ective pharmacological [ 42 ] , cognitive behavioural [ 12 ] and exercise-based interventions [ 17 ] are available. Exercise therapy in FM patients has been usually focused on either pool and/or landbased exercises [ 9 , 10 , 18 , 21 , 30 , 36 ] . There is a mounting evidence of central pain processing abnormalities in almost all FM patients [ 38 , 39 ] . These anomalies include hyperalgesia, allodynia, abnormal temporal summation of second pain, neuroendocrine abnormalities, and abnormal activation of pain-related brain regions [ 39 ] . FM syndrome seems to share similar characteristics with neuropathic pain syndromes, including ineffective response to many analgesics [ 39 ] . There is an ▼ Fibromyalgia is characterized by chronic and extended musculoskeletal pain. The combination of exercise therapy with the warm water may be an appropriate treatment. However, studies focusing on the analysis of immediate pain during and after an exercise session are rare. This study aimed to determine the immediate changes of a warm water pool-based exercise program (12 weeks) on pain (before vs. after session) in female fi bromyalgia patients. 33 Spanish women with fi bromyalgia were selected to participate in a 12 weeks (2 sessions/week) low-moderate intensity warm water pool-based program. We assessed pain by means of a Visual Analogue Scale before and after each single session (i. e., 24 sessions). We observed immediate benefi ts on pain with a mean decrease ~15 % in all sessions, except in the fourth one. There was an association of pain diff erence (pre-post) session with pain pre session (p = 0.005; β = 0.097 ± 0.034) and with age (p < 0.001; β = 0.032 ± 0.008). There were no signifi cant accumulative diff erences on pain, pre session, post session, and pre-post changes (all p > 0.05). Therefore this study showed that a warm water pool-based exercise program for 12 weeks (2 times/week) led to a positive immediate decrease in level of pain in female patients with fi bromyalgia. Improvements were higher in older women and in those with more intense pain.
or without exercise) has been recommended for the management of FM because of the water's buoyancy and warm temperature [ 18 , 30 , 31 ] . Balneotherapy sessions appear to reduce pain and increase mobility dynamics in women with FM [ 5 , 24 ] . In addition, the combination of exercise therapy with the warm water reduces pain in this population [ 32 ] with greater benefi ts than exercise by itself [ 15 ] and with longer eff ects on pain management [ 21 ] . Indeed, previous studies observed improvements on tender points counts (TPC) [ 15 , 31 , 32 ] , perceived pain [ 3 , 15 , 31 , 32 ] or visual analogic scale (VAS) [ 3 , 15 , 19 , 31 ] after a pool-based intervention program. Therefore, the physical properties of warm water and the benefi ts of the adapted exercise [ 7 , 8 ] could collectively promote an analgesic eff ect and thus reduce pain substantially in women with FM. Studies focusing on examining the immediate changes of a single water-based exercise session on pain in FM patients are however scarce. It is of relevance to better understand if a single session of warm water-based exercise causes an immediate decrease in pain in female FM patients. The aim of the present study was to determine the immediate changes in pain in female FM patients through a warm water pool-based exercise program of 12 weeks (2 sessions/week). We also studied the accumulative changes of a warm water poolbased program.
Materials and Methods
▼
Participants
We contacted a total of 44 Spanish female FM patients, from the Granada Fibromyalgia Association (AGRAFIM), who gave their written informed consent after receiving detailed information about the aims of the study and the study procedures. The inclusion criteria were: 1) meeting the American College of Rheumatology criteria: widespread pain for more than 3 months and pain with 4 kg/cm 2 of pressure for 11 or more of 18 Tender Points (TP) [ 46 ] ; 2) no other severe somatic or psychiatric disorders, such as stroke or schizophrenia, chlorine allergy, or other diseases that prevent physical loading; 3) no participation in another type of physical or psychological therapy at the same time. 3 women did not have at least 11 tender points. A total of 41 females were selected and started the program. 4 women discontinued the program due to family commitments, personal and health problems, and another 4 were excluded for attending less than 70 % of the program (attendance: 32.4 %, 53.1 %, 55.9 % and 59.4 %). A total of 33 (80.5 %) participants carried out the intervention program and were included in the fi nal analysis. No diff erences were observed between the fi nal sample (n = 33) and the original sample (n = 41) in any demographic and clinical variables (P-value range from 0.35 to 0.99).
Design
The present study was an uncontrolled clinical trial with allocation of participants into one intervention group (n = 33). The intervention program comprised of 2 sessions per week for 12 weeks. The 2 sessions (Monday and Wednesday) were performed in a chest-high warm pool (34 ºC) each lasting 45 min. The exercise sessions were carefully supervised by a fi tness specialist who worked with 4 groups of 7, 8, 9 and 9 women, allocated for convenience to each group. Participants were asked not to change their activity levels and medication during the 12-week intervention period. All water-based sessions were performed in the Virgen de las Nieves Hospital (Granada, Spain). The research protocol was reviewed and approved by the Ethics Committee of the Virgen de las Nieves Hospital (Granada, Spain) and performed in accordance with the ethical standards of the International Journal of Sports Medicine [ 20 ] . The study was developed between January 2008 and June 2009, following the ethical guidelines of the Declaration of Helsinki, last modifi ed in 2000.
Exercise intervention
Each exercise session included a 10 min warm-up period with slow walking, mobility and stretching exercises, followed by 25 min of exercise, and fi nished with a 10 min cool-down period of stretching and relaxation exercises. Monday sessions involved strength exercises developed at a slow pace using water and aquatic materials as a means of resistance including a stepped progression during the program. Wednesday sessions consisted of balance oriented activities: changes of position, monopodal and bipodal stance, walking backwards, coordination by means of exercises with aquatic materials, and dancing aerobic exercises. Training intensity was controlled by the rate of perceived exertion (RPE) based on Borg's conventional (6-20 point) scale [ 6 ] . The intervention medium values of RPE were 12 ± 2 points on both Monday and Wednesday. These RPE values correspond to a subjective perceived exertion of 'fairly light exertion and somewhat hard exertion', that is, low-moderate intensity.
Outcome measures Tender points
We assessed 18 TP according to the American College of Rheumatology criteria for classifi cation of FM using a standard pressure algometer (EFFEGI, FPK 20, Italy). The mean of 2 successive measurements at each tender point was used for the analysis. Tender point scored as positive when the patient noted pain at a pressure of 4 kg/cm 2 or less. The total count of such positive TP was recorded for each participant.
Body composition
We performed a bioelectrical impedance analysis with an 8-polar tactile-electrode impedanciometer (InBody 720, Biospace). We measured weight (kg) and body fat percentage, and skeletal muscle mass (kg) was estimated. Validity of this instrument was reported elsewhere [ 25 , 26 ] . Height (cm) was measured using a stadiometer (Seca 22, Hamburg, Germany). Body mass index (BMI) was calculated (kg/m 2 ).
Immediate pain
Patients reported their pain immediately before (pre) and after (post) each session by means of the VAS. The VAS has previously been validated [ 35 ] and highly recommended to measure pain in FM patients [ 40 ] . The VAS ranges from 0 (no pain) to 10 (severe pain).
Statistical analyses
Demographic and clinical variables were analyzed by comparing the results from the 4 intervention groups with the KruskalWallis test. Pain pre vs. post session diff erences were analyzed using the non-parametric Wilcoxon test. Multiple comparisons were adjusted by Bonferroni. We conducted linear regression analysis to examine the association between pain pre session and prepost session changes controlling for age. To study the accumulative changes on pain pre, post, and pre vs. post changes we conducted linear mixed models adjusting for age, attendance (number of real sessions) and baseline pain (fi rst session). 
Discussion
▼
The present study showed a positive (benefi cial) immediate decrease in pain using a warm water pool-based exercise program in female FM patients. However, no signifi cant accumulative changes in pain were observed. Noteworthy is that the intervention was well tolerated by the patients, and did not have any detrimental eff ects on patients' health. These fi ndings are clinically relevant and highlight the benefi ts of a single exercise bout on pain in women with FM. We used the mean VAS to assess pain before and after each session, and we observed that the mean VAS decreased after each session except after the fourth one. We used the same environmental conditions and water temperature in all the sessions. In addition we carried out all the sessions with the same procedures and characteristics, so we cannot foresee the reason for the non-signifi cant results observed in the fourth session. By using the Bonferroni correction, we obtained a satisfactorily signifi cant diff erence in 12 sessions, which further strengthen the study's fi ndings. We observed that one exercise session in warm water alone can be eff ective in improving the perception of Values are the mean (standard deviation). *Values pre session were missing.
Using Bonferroni correction, the signifi cance level was set at p ≤ 0.002 immediate pain and thus promoting an analgesic eff ect. These fi ndings concur with those observed by Berger et al. [ 5 ] in elderly subjects (11 female and 1 male), but they only compared pain before and after the fi rst and last session, gaining significance in both. Noteworthy is that the conditions were similar to ours: all sessions took place in a swimming pool (1.3 meters in depth) fi lled with water of 34 º C and water exercise sessions lasted 45 minutes [ 5 ] . A recent review points to a dysfunction of endogeneous analgesia during muscle activity and aerobic exercise, resulting in increased generalized pain sensitivity in FM patients [ 33 ] . It is remarkable that those studies address acute bouts of exercise (i. e., unilateral contractions and submaximal cycle exercise), whereas we conducted an adapted exercise program [ 33 ] . These fi ndings do not contradict the clinical evidence favouring the use of tailored and graded exercise as an intervention for chronic pain. The combination of warm water and the adapted exercise for this population (i. e., aerobic, funny, nonpainful, at a slow pace, exercise in group…) might be decisive in the results obtained. These data show that exercise in warm water has an immediate short-term usefulness and should be considered as an option for treating FM pain. The signifi cant association between pre-post/pre-pain and age indicates that women with higher pain pre-session were also those who benefi t the most, so that for every point increased in pain pre session, the pre-post change in pain increased by 0.097 points. Similarly, older women experienced higher pain decrease post-session, so that for every point increased in pain pre session, the pre-post change in pain increased by 0.032 points. Accumulative changes in pain indicate that intervention is eff ective over time and patients have less pain as the program progresses, yet this was not the case in our study. Our results did not confi rm previous research that found changes over time [ 3 , 19 ] . Although it is important to note that they used other assessment tools (Fibromialgia Impact Questionnaire (FIQ) pain [ 3 ] and EuroQol-5D (EQ-5D) [ 19 ] ) than ours (VAS pain). Moreover, most of previous studies measured pain intensity just before and after the treatment, and did not include measurements during the treatment [ 15 , 27 , 32 ] . Other methodological diff erences should be emphasized. We performed a 3 months intervention but some of these studies carried out programs of longer duration (4 months [ 31 , 32 ] or 6 months [ 28 ] ), and performed a parallel education program [ 28 , 34 ] . Suman et al. [ 41 ] showed a VAS decrease after the treatment, yet their intensive program (5 hours a day from Monday to Friday) included educational sessions, physical exercise and a cognitive behavioural approach. De Andrade et al. [ 14 ] conducted a 12 weeks (3 sessions/week) program establishing one pool group and one sea group. Both groups improved pain (assessed by VAS and TPC) over time. The fact that we observed immediate decrease in pain but not over time could be partially explained by the fact that we did not apply an appropiate frequency program. Pain relief is related to a higher length and frequency of warm-water based exercise sessions per week [ 19 ] . To note is that studies with signifi cant accumulative changes used at least a 3 sessions/week intervention [ 14 , 31 , 32 ] . Future studies should asssess pain with more objective tools, such as algometry. Fig. 1 Relation between pain diff erence before and after sessions (pre minus post) and pain before sessions (pre) in women with fi bromyalgia. Diagram represents the linear least square and confi dence bands for average pre-post diff erence (95 % CI). There was an association of pain prepost session with pain pre session (p = 0.005; β = 0.097 ± 0.034) and with age (p < 0.001; β = 0.032 ± 0.008). Histogram shows frequency distribution of the variable (asymmetry suggests that there are more benefi tted subjects). β value is the coeffi cient ± standard error. Pain is a multifactorial symptomatology. We found that exercise yielded a decrease in immediate pain levels, other factors such as sleep disturbances, fatigue and muscle stiff ness could also potentially aff ect pain. This may partially explain why we observed no accumulative changes. Others used FIQ-pain to assess pain before and after the intervention [ 27 , 32 ] . The FIQpain indicates the pain over the previous week, whereas in the present study we asked for the current state of pain. To our knowledge, there are no studies examining the immediate and accumulative changes of a warm water pool-based program on pain by means of VAS in each of the sessions, which hampers further comparisons. We did not recollect data in the 24-48 h post-exercise, and it would be interesting to study this in future research in order to assess how long decreased pain remains active. We do not know whether these results could be applied to men, and future studies should analyse the immediate and accumulative changes of a warm water pool-based program in pain in male FM patients. Moreover, further research is needed in order to determine whether programs of longer duration ( > 3 months), higher frequency ( > 2 sessions/week) or higher intensity ( > 13 RPE) induce major improvements in pain in female FM patients. It would be also interesting to compare land-based and water-based exercise, to fi nd out which environment produces better benefi ts.
Conclusions
▼
In summary, the present study showed that a warm water poolbased exercise program for 12 weeks (2 times/week) led to a positive immediate decrease in levels of pain in female FM patients. Improvements were greater in women of a greater age and who suff ered more intense pain. These immediate changes in pain did not persist over time. It is strongly recommended that FM patients take part in therapeutic programs.
